INTRODUCTION
Many diffusive processes in biological systems refuse to obey the standard laws of diffusion. In normal diffusion, the diffusivity can be considered constant and the concentration of the diffusive particles follows Fick's law. However, in highly heterogeneous materials such as tissues, the complex microgeometry of the medium imposes serious restrictions to the mobility of the particles. This scenario is known as anomalous diffusion. Experiments in diverse biological systems including diffusion in the extracellular space of the brain [1] , morphogen movement in the extracellular environment [2] , protein movement inside cells [3] , identified anomalous, rather than Fickian, transport.
Anomalous diffusion in tissue engineered constructs is particularly interesting because the complexity of the microgeometry evolves in time following the development of the artificial tissue. Tissue growth involves transport, binding and degradation of large aggregating molecules such as collagen and proteoglycans which are continually synthesized by individual cells. These molecules bind to the extracellular matrix therefore augmenting the complexity of the medium around the cells and hampering the transport of nutrients, waste products and newly synthesized molecules.
Understanding the underlying mechanisms governing diffusion in developing tissues is relevant to tissue engineering applications. During culture in a bioreactor, the hydrodynamical and biochemical conditions at which the tissue is exposed can be varied in order to optimize the functional development of the construct. The mechanical properties are determined by the distribution of the extracellular matrix. In absence of mechanical stimulation, transport of extracellular matrix components occurs mainly by diffusion.
Dimicco et al. [4] proposed a model to account for the diffusion of biomolecules in articulate cartilage. This model is based on a reaction-diffusion formulation and considers the molecules diffusing in the tissue as belonging to one of the 3 following sets: mobiles, bound and degraded. Arguably the most important limitations of this model are the lack of a description for the cell-ECM interaction in terms of changes in synthesis rate and diffusivity of the newly synthesized molecules.
The purpose of this work is to study the effects of anomalous diffusion on the local distribution of extracellular matrix around chondrocytes and on the macroscopic mechanical properties of developing tissue engineered cartilage. The study is based on the aforementioned continuous model for diffusion, binding and a posteriori degradation of matrix components. A multiscale strategy is used to link the microscopic scale (at the chondrocyte level) with the macroscopic scale (at the tissue level).
OVERVIEW OF RESULTS
Snapshots of the distribution of immobilized GAG in the RVE for progressive culturing times are shown in Figure 1 . The calculations reveal the presence of zones of high concentration of immobilized GAG for the calculations considering anomalous diffusion. Transport of newly synthesized biomolecules is clearly hampered by the previously synthesized ECM. The strong localization of immobilized tissue is accompanied by the existence of sharp interfaces between the concentration of immobilized GAG and culture medium. This is qualitatively comparable to histological observations, which it is not reproduced by the calculations considering normal diffusion, where smooth distributions of concentrations are obtained. Qualitatively, our 
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Eindhoven University of Technology, Department of Biomedical Engineering, Soft Tissue Engineering and Biomechanics Group, Eindhoven, the Netherlands numerical results agree favorably with experimental observations. The temporal development of the tissue shows a maximum volume around three weeks in culture followed by an apparent shrinkage and a posteriori stabilization, characteristic of a steady-state situation. These effects are well illustrated in the development of the mechanical stiffness of the construct. Figure 2 shows the temporal evolution of the aggregate modulus. At the startup of the culture, the aggregate modulus corresponds to that of the scaffold slightly modified by the cells. With the synthesis and binding of extracellular matrix components, the aggregate modulus increases with time. The stiffest construct is obtained after three weeks under static culture conditions. This characteristic time corresponds with the maximum spreading of immobilized GAGs obtained in the RVE calculations. Subsequently, the aggregate modulus decreases and reaches a plateau, characterized by a steady-state value. The significant localization of immobilized GAGs at the RVE level predicted by the anomalous diffusion model renders a significant decrease of the overall stiffness of the artificial tissue. After three weeks of static culture, the values calculated for the anomalous diffusion case differ as much as 20% with respect with the calculations considering Fickian diffusion. A very important issue on the numerical calculations was to employ a realistic description for the GAGs synthesis rate. A constant synthesis rate determines a steadily increasing aggregate modulus as it is depicted as dashed line in Figure  2 . To account for changes in the metabolic activity of chondrocytes, experimental data for GAGs synthesis rate was used in the calculations. The evolution of the permeability is depicted in Figure 3 . In contrast to the aggregate modulus, the permeability is hardly affected by the diffusion hindrance mechanisms. Differences in the order of 2-3% are obtained after 2 weeks in culture. This is not the case for the anisotropy, which shows distinct behaviors for the two different diffusion models (data not shown). 
Figure 1. GAGs local distribution around chondrocytes as a function of culture time

